The rabies tissue culture infection test (RTCIT) and rapid rabies enzyme immunodiagnosis (RREID) were compared to the fluorescent-antibody test (FAT) with field specimens. At the French National Reference Center for Rabies, 15,248 specimens were analyzed by FAT and RTCIT, and 2,290 of those specimens were also tested by RREID; 818 other specimens were tested by FAT and RREID in 12 laboratories located in Africa, Asia, and Latin America. The sensitivities and specificities of RREID and RTCIT were comparable. This study showed that both tests can be used as backup procedures to confirm FAT. RREID is also strongly recommended for epidemiological studies and for laboratories which are not equipped for performing FAT.
The prophylaxis of human rabies is a constant problem, especially in developing countries (14) . Estimates of the annual incidence of human rabies cases worldwide exceed 25,000. Since the disease in humans can be prevented by timely postexposure treatment, rapid and sensitive tests for the routine diagnosis of rabies in biting animals are required.
In 1903, Negri (9) described cytoplasmic inclusions in the brains of rabid animals. The presence of these inclusions had been the major diagnostic criterion up to 1958, when Goldwasser et al. (6) and later Dean and Abelseth (2) developed the fluorescent-antibody test (FAT) for rabies diagnosis. FAT has become the recommended procedure because it is fast, inexpensive, and reliable when performed in a competent laboratory with high-quality reagents. Nevertheless, the importance of the laboratory diagnosis for a medical decision prompted the use of virus isolation as a routine backup procedure. Virus isolation permits the unambiguous identification of the etiologic agent, as well as its preservation for further studies. The mouse inoculation test (MIT) developed by Webster and Dawson (18) , still in use in some countries, was first carried out. But MIT yields delayed results: the usual incubation period in adult mice is between 7 and 20 days. This delay can be shortened to 5 or 7 days by performing MIT in newborn mice, but a positive result many days after a human exposure is of limited value. It has been replaced at the French National Reference Center for Rabies since 1982 with the rabies tissue culture infection test (RTCIT) employing murine neuroblastoma cells (N2a) (16) . RTCIT provides results within a time when postexposure immunization is still considered efficacious, but it requires technical expertise and is quite expensive. Nevertheless, FAT and RTCIT remain the standards of rabies diagnosis against which newly developed diagnostic approaches including dot hybridization (4) (10) . Preliminary results showed that RREID was a useful tool for the diagnosis of rabies in epidemiological studies and as a backup procedure for FAT (11) . The incubation of a positive specimen in the wells of the sensitized microplate results in the binding of rabies nucleocapsid to the antinucleocapsid antibody bound to the solid phase. The bound viral antigen is then quantified with the same antinucleocapsid antibody conjugated to peroxidase; the color appears when the substrate is added.
In the present study, our purpose was to assess by a field study the respective qualities and drawbacks of FAT, RTCIT, and RREID. We compared the results obtained by FAT and RTCIT on 15,248 field specimens and by FAT, RTCIT, and RREID on 2,290 of these specimens. All these specimens, received at the French National Reference Center for Rabies, were from animals considered to be responsible for human exposure. This study reports RREID. The preparation of the specimen supernatants followed the same steps as those for RTCIT. The reaction was performed by the procedure described by Perrin and others (10, 11) . The clarified supernatants of each specimen were distributed in duplicate in the wells of the sensitized microplates (200 jil per well). The plates were then incubated for 1 h at 37°C. After repeated washings with phosphatebuffered saline-Tween, each well received 200 ,ul of antirabies nucleocapsid rabbit immunoglobulin G conjugated with horseradish peroxidase. The plates were incubated for 1 h at 37°C and then washed again. Finally, the chromogen-substrate mixture (ortho-phenylenediamine and hydrogen peroxide) was added (200 ,ul per well). The plates were left for 20 min at room temperature to allow for color development, which was stopped by adding 4 N H2SO4 (50 ,ul per well). The color was then evaluated qualitatively with the naked eye, and the absorbance was measured quantitatively by using a Titertek Multiskan spectrophotometer (Flow Laboratories S.A., Puteaux, France). The A492 was compared with those of a positive and a negative control. According to the recommendations of the manufacturer, samples whose absorbance was greater than 0.08 absorbance units above that of the negative control were considered positive. Table 2 . There was almost no difference between the results obtained after reading with the naked eye and after analysis of the spectrophotometer data (Table 3) . Only one specimen positive by FAT and negative by RREID by spectrophotometer analysis was found positive by RREID after naked-eye reading. Three false-positive results by RREID were found either after naked-eye reading or after spectrophotometer analysis. We further considered only the absorbance data collected by spectrophotometry. Of the 302 specimens that were positive by FAT, 5 (1.7%) also positive by RTCIT were negative by RREID, 7 (2.3%) were negative by RTCIT but positive by RREID, and 10 (3.3%) were negative by both RTCIT and RREID. Of the 1,988 specimens that were negative by FAT and RTCIT, only 3 (1.5%) were positive by RREID. The concordance of FAT with RTCIT was 99.26% and of FAT with RREID was 99.21%. One specimen not presented in Table 2 was too putrid to give suitable results by FAT and RTCIT but showed a positive reaction by RREID. No correlation can be found between animal species and discordant results within the different tests ( Table 4 ).
Postulating that the reference test (FAT) had a specificity and a sensitivity of 100%, we calculated the specificities and sensitivities of RTCIT and RREID (Table 5 ). RTCIT showed a higher specificity (100%) than RREID (99.85%), but its sensitivity (94.37%), possibly explained by virus inactivation in some specimens, was lower than that of RREID (95.03%).
The sample of 2,290 specimens was not representative of the 15,248 specimens that we have received since 1984. As we began to evaluate the RREID technique, we preferentially tested specimens giving positive or doubtful or discor- Table 6 . We deduced from the negative control mean OD value of 0.041 (standard error of the mean = 0.019) the cutoff mean OD value of 0.121 + 0.019. This value separates OD results of specimens regarded as negative from those regarded as positive. The discriminating power of RREID is illustrated in Table 6 . More than 92% of the negative specimens had an absorbance lower than 0.050 OD units and more than 86% of the positive specimens had an afbsorbance higher than 0.400 OD units. Nevertheless, 3% of the positive samples had a low OD value (<0.050).
Results obtained in 12 field laboratories. The results obtained on 818 specimens are presented in Table 7 . Four hundred twenty-eight results were positive and 363 were negative by both FAT and RREID. Five were negative by FAT and positive by RREID, and 22 were positive by FAT and negative by RREID. RREID showed a high concordance with FAT. The specificity and the sensitivity were 98.64 and 95.11%, respectively. This specificity is lower than that obtained at the French National Reference Center for Rabies. No information was given about the reasons for the discordant results. Since these laboratories were performing the RREID for the first time, one may expect an improvement of their results when they become more familiar with this new technique.
The predictive value (PV) model (3) can be used in rabies diagnosis to evaluate whether a positive or a negative result is correct. The predictive value of a positive result (PV+) is (8) evaluated that FAT was identifying at least 98% of rabies-infected brain tissue submitted to diagnosis, with a total agreement of more than 99% with the MIT. The constant improvement of the technique, especially the introduction of epifluorescence equipment, and the improved quality of the antirabies conjugate increased its accuracy significantly. More recent publications on laboratory technique comparisons (5, 11, 14) , as well as our experience, support the opinion that FAT is the standard for rabies diagnosis against which the other diagnostic approaches should be compared. For the purpose of this study, we postulated that there was no more precise estimation of the prevalence of rabies in the specimens submitted for diagnosis than the proportion of positive FAT results. This means that we considered specificity and sensitivity of FAT to be 100%. FAT was also found to be fast and inexpensive. Nevertheless, it has two major drawbacks.
It cannot be applied with ease to a large number of samples, and some laboratories in developing countries cannot afford the cost of the fluorescence microscope equipment and cannot, above all, ensure its maintenance.
Both RTCIT and RREID results showed a high concordance with FAT in our hands. It was due to a large part to their specificities, which were greater than 99.85%. Their sensitivities were slightly lower (around 95%), corroborating that the use of these tests instead of FAT is not recommended (11).
The result obtained by 12 The PV model is very influenced by prevalence (3) . As the prevalence of rabies increases in the specimens submitted for diagnosis, the PV+ increases and, conversely, the PVdecreases. This can easily be seen in Table 5 . To answer the question of how high these values should be, we must consider the justification for antirabies treatment. Considering that there is no more risk of postvaccinal reactions with the new purified cell culture rabies vaccines, we should keep in mind only how high the PV-is. The PV-of RREID, when it is practiced daily, is very good (99.25%) and slightly higher than that of RTCIT.
The second indicator is the measure of the combined expected net gain in certainty (1) . An expected gain of 0 means that the test gives no information, while the maximum of information is obtained when the value reaches 100. The E(%C) values are high but lower than 100%. This means that RTCIT and RREID give a little bit less information than FAT. It also reflects that specificity and sensitivity are not 100% but are not far from this value.
Several cell lines, such as murine neuroblastoma cells (N2a) (7), CER (15) , and BHK-21 (13), have been shown to be suitable for primary isolation of rabies virus from field specimens. We used N2a because its superior sensitivity over other other cell lines and over MIT was previously demonstrated (12, 13, 15, 17) . In our opinion, this sensitivity obviates the need for sensitization of the cell with DEAE dextran. We would also mention that these cells can Nevertheless, RREID is still faster than RTCIT. A laboratory performing FAT or RREID or both is able to give positive results within one day. There is no need for testing specimens in duplicate, and RREID is also easily automated. Furthermore, the threshold level, obtained by adding 0.08 absorbance units to the OD of the negative control, gives an optimum discrimination between positive and negative cases. Of the specimens shown positive by FAT and RTCIT, 1.7% were missed by RREID. This indicates that this test should not replace FAT where FAT is presently performed. These findings corroborate the previous studies on RREID (10, 11) . Further studies will be undertaken to explain why about 3.3% of the specimens positive by FAT are found negative by RTCIT and RREID. At this stage, we cannot tell if these specimens were really rabid or gave false-positive results by FAT, because there is no technique more sensitive than these three actually available. We should add only that these specimens gave weak reactions by FAT. One other major characteristic of RREID is that its reliability is not affected by the putrid condition that some specimens may present. Furthermore, it can be performed on inactivated specimens (2 h at 56°C). The purified antinucleocapsid rabbit 
